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The environmental impacts of the two tartaric stabilisation methods used for wines, electrodialysis and 
cold treatment, were studied by determining water consumption (for the process and cleaning), waste 
produced (organic load and the composition of wastewater and residues) and energy consumption, at 
the pilot stage and in wineries. Thanks to an online treatment of electrodialysis brines by reverse osmosis 
(industrial facility that treats 30 hL wine/h), the recycling of permeates led to a 65% reduction in water 
consumption, the volume of which represented only 3.9% of the wine treated. When washing and cleaning 
water from the ED-RO system was taken into account, overall water consumption was 5.5 L/hL wine. The 
presence of ethanol, due to an osmotic phenomenon with no loss of wine volume, and tartaric acid in the 
brines contributes to the organic load of the brine, with a COD of close to 8.4 g O2/L. Overall electrical 
energy consumption for stabilisation by electrodialysis (0.21 kWh/hL) turned out to be eight times lower 
than that of cold stabilisation. An evaluation of cold stabilisation effluents revealed that 66.6% of the COD 
discharged came from the diatomaceous earth (DE), 21.8% from the washing of the filter and 11.4% from 
the washing of the cold treatment tank. The production of used DE was 2.64 g (wet weight)/L of wine, and 
the ethanol present in the DE waste represented a loss in wine volume of 0.14 L/hL.
INTRODUCTION
The reduction of the environmental impacts of the wine 
sector includes the eco-design of environmentally-friendly 
winemaking processes, the determination of activities that 
generate effluents and waste, as well as input consumption 
and resource management (water, energy, reagents). 
Winemaking operations – vinification (clarification 
of the must and racking, devatting) and stabilisation 
(clarification, filtration, tartaric stabilisation, bottling) – 
generate wastewater (washing and process water), the sum 
of which is referred to as winery wastewater. An assessment 
of pollution loads revealed a wide variation in winery 
wastewater volumes, depending on the winery: 0.5 to 10 
L/L of wine, with an average value of approximately 1 L/L 
of wine (Mourgues & Maugenet, 1972; Maugenet, 1978; 
Picot, 1992; Duarte et al., 1998; Lemiere et al., 1998; Picot 
& Cabanis, 1998; Rossi et al., 1998; Viaud et al., 1998; 
Sheridan et al., 2004; Colin et al., 2005; Rochard, 2005; 
Vogdt & Schleenstein, 2006). Vinification produces almost 
two-thirds of the annual wastewater volume. Nevertheless, 
vinification methods reveal wide disparities in terms of 
waste (Bories & Sire, 2010): the specific pollution coefficient 
for liquid-phase vinification (white and rosé wines and 
thermovinifications) is as much as 40% higher than that of 
solid-phase vinification (red wine) as a result of must racking 
and filtration operations that generate waste that is rich in 
organic matter (sugar, lees from musts). Waste generated by 
some unit operations – washing of the vats and filters – has 
been quantified on a unit basis (Grenier et al., 1998; Duarte 
et al., 2004). 
Tartaric stabilisation is essential to satisfy the 
quality criteria of wines (Saint-Pierre et al., 1998). 
Tartaric stabilisation processes use subtractive methods 
– crystallisation of potassium hydrogen tartrate by cold 
treatment (Ferenczi et al., 1982; Peng et al., 1996), extraction 
of tartaric acid and potassium using a membrane process 
(electrodialysis) (Cottereau, 1989; Moutounet & Escudier, 
1991; Moutounet et al., 1997), use of ion exchangers 
(Hernández & Mínguez, 1997; Gómez Benítez et al., 2002) 
– or additive methods such as the addition of metatartaric 
acid (Blouin, 1982), mannoproteins (Moine-Ledoux et al., 
1997; Moutounet et al., 1999) or carboxymethylcellulose 
(Marchal et al., 2009; 2010; Moutounet et al., 2010a). 
Subtractive tartaric stabilisation methods entailing 
cold treatment, a widely used process, and electrodialysis, 
a technique that is becoming increasingly popular, make it 
possible to avoid the addition of additives to wines.
Cold stabilisation, the most commonly used technique 
because it is the oldest, has been broken down into several 
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systems: stabulation (batch), continuous contact, with 
clarification of the wines by filtration or centrifugation. 
Filtration of cold-processed wines on diatoms (diatomaceous 
earth) leads to environmental disadvantages linked to 
filtration residues and electrical energy consumption. Rich 
in organic matter – potassium hydrogen tartrate, lees and 
occluded wine – as well as in mineral matter (silica), filtration 
wastes require specific treatment (disposal in a landfill, 
composting). Chilling of the wine at negative temperatures 
(-2 to -4°C) and its maintenance over several days (four to 
12 days) require electrical energy consumption of 1 to 1.7 
kWh/hL wine (Langlois, 1992; Gómez Benítez et al., 2002; 
Low et al., 2008).
In contrast with cold treatment, which ensures the 
stabilisation of wines without taking the degree of instability 
of the wine into account, tartaric stabilisation using an 
electromembrane process makes it possible to adjust the 
stabilisation treatment rate precisely (Moutounet et al., 
1999; 2010b). This relatively recent process provides 
environmental benefits in comparison with cold stabilisation: 
elimination of diatomaceous earth and lower energy 
consumption. Nevertheless, most of the data available in 
the literature on the eco-balance of tartaric stabilisation of 
wines by electrodialysis (water and energy consumption) are 
based on studies carried out at the pilot level (Moutounet & 
Escudier, 1991; Gómez Benítez et al., 2002) or by simulation 
(Low et al., 2008).
In this study, water consumption, effluent and waste 
balances, as well as their composition, were determined 
at the industrial and pilot scale for both of the subtractive 
methods used for tartaric stabilisation: electrodialysis and 
cold treatment. The reduction of water consumption for 
tartaric stabilisation by electrodialysis was studied using a 
reverse osmosis treatment of the brine with recycling of the 
permeate. The pollution flows generated from the tartaric 
stabilisation of wines were compared to those of vinification 
operations. 
MATERIALS AND METHODS
Tartaric stabilisation by electrodialysis was carried out on a 
continuous basis with two devices: 
An INRA/EURODIA pilot device, including 150 
elementary cells and with a treatment capacity of 15 hL 
wine/h.
A semi-automatic EURODIA industrial unit, including 
two stacks of 150 cells, with a total treatment capacity 
of 30 hL wine/h.
The brines produced for each series of measurements were 
collected in tanks to measure the volume and to take samples. 
To treat the brines generated by the industrial electrodialysis 
device, an osmosis unit (reverse osmosis, RO) was coupled 
with a brine circuit and had the following characteristics: 
four osmosis membranes (ESPA2-4040, NITTO DENKO 
Corp., Osaka, Japan) with a total active area of 31.6 m2, a 
salt rejection of 99.6%, a maximum pressure of 25.105 Pa 
and an operating pressure of approximately 15.105 Pa, 
with a feed flow of 400 to 450 L/h (Fig. 1). The permeate 
from the osmosis unit was recycled in the brine tank of the 
electrodialysis unit, thus serving as makeup water, and the 
retentate, concentrated in tartrate salts, was evacuated by 
the overflow outlet of the feed tank of the osmosis unit. 
The overflow was collected in several tanks to measure the 
volume and to take samples.  
Input measurements were taken using mechanical 
volumetric meters installed on the soft water, hot water and 
system water circuits, and graduated gauges were used for 
the nitric acid and sodium hydroxide containers. Volumes 
evacuated on the basis of the different test configurations 
– electrodialysis alone, electrodialysis + reverse osmosis, 
cleaning-in-place (CIP) for the electrodialysis and osmosis 
units – were collected and measured separately in a gauging 
tank. CIP took place every 12 hours during the operation of 
the electrodialysis and reverse osmosis units. Measurement 
of electrical consumption was carried out using a clamp-on 
ammeter connected to the feed cable of the control panel of 
both devices (electrodialysis and reverse osmosis).   
Cold tartaric stabilisation was carried out on a batch of 
white wine from Champagne winery (Reims, France) with a 
volume of 825 hL, maintained at -4°C for seven days, with 
the seeding of 3 g/L of cream of tartar. The wine was filtered 
through a horizontal plate filter (Filtrox-O-MAT 110/1300 
filter, Filtrox, Beaune, France) with a capacity of 1470 L 
and a filtering area of 15.6 m2 (24 elements with an area of 
0.65 m2), operating at a pressure of 6.105 Pa. Washing waters 
from the wine tank and the filter were collected separately in 
tanks in order to measure the volume and to take an average 
sample. Diatomaceous earth was specifically recovered in a 
bin to be weighed and sampled.    
Measurements of pH and conductivity were taken with a 
WTW MultiLine P4 or a Multi1970i pH/conductivity meter, 
equipped with WTW TetraCon 325® probes to measure 
conductivity and WTW SenTix41 probes to measure pH. An 
analysis kit (reagent tubes, heating block and colorimetric 
assaying) was used to measure the COD according to the 
standardised NANOCOLOR® COD 1500 method developed 
by Macherey-Nagel (Macherey-Nagel GmbH & Co, KG, 
Düren, Germany) and corresponding to the DIN-ISO-15705 
standard.
Tartaric, malic, lactic and acetic acid assays were done 
by HPLC analysis, with a BIORAD Aminex HPX-87H 
column (7.8 x 300 mm), acidic water (0.004M H2SO4) as the 
mobile phase, a flow of 0.5 mL/min at 45°C, a Waters 515 
isocratic pump and a 717 automatic injector, and detection 
with a 2487 UV spectrophotometer (210 nm) (Waters, 
Milford, MA, USA). Sugars, ethanol and glycerol were 
assayed by HPLC under the same operating conditions as for 
separation, but with a Waters 2410 refractometric detector. 
Chromatographic data were gathered and integrated using 
EMPOWER software (Waters).
Cations (potassium, magnesium, sodium, calcium) were 
analysed by ion HPLC: Waters IC-Pak C M/D column (3.9 
x 150 mm), 0.1 mM EDTA/3 mM HNO3 as the eluent, a 
flow of 1 mL/min at room temperature, detection by a Waters 
430 conductimeter and data processing using EMPOWER 
software. 
Anions (sulphate, chloride, nitrate) were determined 
with the same HPLC device but with a Waters IC-Pak A 
column (4.6 x 50 mm), a 1.3 mM borate/gluconate buffer + 
10% acetonitrile (vol/vol) at pH 8.5 as the mobile phase, and 
a flow of 1.2 mL/min.
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Diatomaceous earth was analysed after extraction with 
water (1 g wet soil/100 mL ultrapure water) under shaking 
in a beaker for 10 min. After decantation, the aqueous phase 
was sampled for the analysis of the dissolved compounds 
(ethanol, potassium, etc.) according to the methods described 
above.
Eco-balances for tartaric stabilisation by electrodialysis 
and cold treatment were determined for different wines, the 
overall composition of which is given in Table 1.
RESULTS AND DISCUSSION
Tartaric stabilisation by electrodialysis
Composition of brines from tartaric stabilisation by 
electrodialysis (ED)
In the electrodialysis process, the constituents extracted from 
the wine by ion membranes are collected and concentrated 
in the brine circuit. In order to avoid any crystallisation, the 
concentration and pH of the brine are adjusted by adding 
water and acid. The characteristics of the brines produced 
are given in Table 2.  
The organic load, with a COD of close to 8.4 g O2/L, can 
be broken down into ethanol (40 to 67% of the COD), tartaric 
acid (6.8 to 3.7% of the COD), and secondary compounds 
(malic and lactic acid, etc.) (Table 2). It should be observed 
that the quantity of ethanol in the brines, 1.6 to 2.69 g/L, is 
equivalent to 0.02 to 0.03% vol/vol of the wine’s alcohol 
content. This slight decrease in the ethanol content of the 
wine is the result of an osmosis phenomenon and the wine 
loss is insignificant. 
Potassium is the main cation found in the brines (1.8 to 2 
g K/L). The major mineral anion in the brines depends on the 
TABLE 1
Wine composition and corresponding tartaric stabilisation 
methods.
Wine A B C* D*
Type White White Red White
Tartaric 
stabilisation
ED, 
ED+RO ED Cold Cold
pH 3.55 3.60 3.62 3.01
Conductivity
(mS/cm) 1.64 2.25 2.27 1.54
Alcohol (% v/v) 13.0 14.2 13.0 11.2
Tartaric acid (g/L) 1.88 2.60 4.48 2.59
Malic acid (g/L) 0.17 0.54 0.52 5.85
Lactic acid (g/L) 3.42 0.91 1.55 0.36
Potassium (g/L) 0.888 1.587 1.395 0.488
* Samples analysed before filtration.
type of acid used to control the pH of the brine, the choice 
of which is determined by recommendations for wastewater 
treatment and their destination (Table 2).
Reduction of water consumption as a result of treating 
electrodialysis brines by reverse osmosis 
During electrodialysis treatment, the brine composition is 
controlled and regulated (pH, conductivity) at thresholds 
determined by the addition of water and acid to ensure 
optimal conditions for extracting tartaric acid and potassium. 
Water consumption values found in the literature for the basic 
electrodialysis process ranged from 0.1 to 0.15 L water/L 
FIGURE 1
Flowchart of tartaric stabilisation by electrodialysis coupled with reverse osmosis treatment of the brine.
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wine (Moutounet & Escudier, 1991). However, these values 
were determined during process development and during 
finalisation in pilot facilities and prototypes (Moutounet et 
al., 1997).
In our study, the water consumption balance during 
tartaric stabilisation by electrodialysis was determined using 
an industrial electrodialysis facility (wine yield: 30 hL/h, wine 
A) equipped with brine treatment by reverse osmosis, and 
coupled with electrodialysis by recycling of the permeates 
(Fig. 1). Water consumption decreased from 320 L/h (0.106 
L water/L vine) when using the basic electrodialysis process 
(brines in lost water) to 113 L/h, the average of the values 
under stabilised conditions (for the period of time from 4 to 7 
hours), when it was coupled with brine treatment by reverse 
osmosis and recycling of the permeate (300 L/h) in the brine 
circuit (Fig. 2). Water consumption was reduced by 65% and 
represents 3.9 L water/ hL wine. 
The increase of the conductivity of the retentate from 
8 to 18 mS/cm underscores the phenomenon of brine 
concentration by reverse osmosis (Fig. 3). At the same 
TABLE 2
Composition of brines from tartaric stabilisation by electrodialysis, with the pH controlled by nitric acid (wine A) or by sulphuric 
acid (wine B).
pH brine monitoring with nitric acid 
(wine A)
pH brine monitoring with sulphuric 
acid   (wine B)
Wine stabilisation ratio (%) 19.2 9.2
pH 3.51 3.05
Conductivity (mS/cm) 6.82 5.82
COD (g O2/L) 8.38 8.42
Ethanol (g/L) 1.599 2.686
Tartaric acid (g/L) 1.074 0.62
Malic acid (g/L) 0.187 0.309
Lactic acid (g/L) 2.941 0.911
Potassium (g K/L) 1.797 2.002
Nitrate (g N-NO3/L) 0.671 0
Sulphate (g SO4/L) 0.321 2.339
FIGURE 2
Evolution of water consumption and permeate and retentate flows when electrodialysis is coupled with reverse osmosis 
treatment of the brine and recycling of the permeate.
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time, the low conductivity of the permeate (4.8 to 5.2 mS/
cm) allows it to be recycled as makeup water during the 
electrodialysis phase. This recycling leads to a major 
reduction in water consumption and the maintenance of 
brine composition (7.4 to 8.3 mS/cm) when ED and RO are 
coupled, very close to the value obtained by ED alone (Fig. 3 
and Table 3).
The compositions of the brine, permeate and 
retentate reveal the increase in potassium and tartaric acid 
concentrations in the retentate (Table 3). However, the 
ratios of their respective concentrations in the permeate and 
in the retentate illustrate the selectivity of reverse osmosis 
membranes toward these compounds. Tartaric acid is retained 
more highly by the membranes than potassium, leading to a 
permeate with a very low concentration of tartaric acid, thus 
TABLE 3
Composition of brine and wastes from electrodialysis coupled or not with brine treatment by reverse osmosis (wine A).
ED without RO ED + RO
Brine Brine Permeate Retentate
pH 3.52 3.61 2.98 2.98
Conductivity (mS/cm) 6.82 7.84 5.03 17.18
COD (g O2/L) 8.763 13.168 8.744 22.07
Tartaric acid (g/L) 1.13 1.01 0.24 2.89
Potassium (g/L) 1.9 2.59 1.47 5.09
Ethanol (g/L) 1.62 3.38 2.99 3.81
FIGURE 3
Evolution of the conductivity of the brine, permeate and retentate when electrodialysis is coupled with reverse osmosis 
treatment of the brine and recycling of the permeate.
favouring its recycling in the brine.    
The relatively equal distribution of ethanol concentration 
in the three phases (brine, permeate, retentate) is indicative of 
the low selectivity of the reverse osmosis membrane used in 
relation to this compound at these concentrations (Table 3).  
Wastewater volumes and pollutant loads of tartaric 
stabilisation by ED coupled with reverse osmosis 
Table 4 indicates the water consumption balances, the organic 
load flows produced and the cleaning reagents used for the 
electrodialysis process coupled with brine treatment by 
reverse osmosis, including the different cleaning operations. 
The total consumption of water during tartaric 
stabilisation by electrodialysis coupled with reverse osmosis 
(process and cleaning waters) was 5.5 L/hL wine, with 
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an organic load flow of  99.2 g COD/hL wine. Cleaning 
operations for electrodialysis and reverse osmosis equipment 
used 29% of the total water volume (1.6 L/hL wine) and 
produced only 13.4% of the quantity of COD evacuated 
(13.3 g COD/hL wine). A comparison of the total water 
consumption (process and cleaning waters) optimised in 
industrial facilities (coupling of electrodialysis/reverse 
osmosis) – 5.5 L/hL wine, with data derived from tartaric 
stabilisation on the pilot and prototype scale without brine 
treatment – 10 to 15 L/hL wine (Moutounet & Escudier, 
1991), reveals the major progress made, leading to 
substantial savings in water. The reagents used are mainly 
nitric or sulphuric acid to maintain the pH of the brines and 
for cleaning operations, plus sodium hydroxide that is used 
exclusively to clean equipment (Table 4).  
The electrical energy consumption measured during our 
study – 0.21 kWh/hL wine – corresponds to a continuous 
stabilisation treatment by electrodialysis (nominal wine 
flow: 30 hL/h) at a stabilisation level of 18%, and includes 
all of the operations (electrodialysis, reverse osmosis, 
cleaning operations). This consumption is much lower than 
that reported for discontinuous tartaric stabilisation (batch) 
of 0.58 kWh/hL (Gómez Benítez et al. 2002), as well as the 
TABLE 4
Consumption of water, reagents and electrical energy and the organic load of waste (COD) during tartaric stabilisation by 
electrodialysis coupled with brine treatment by reverse osmosis.
Water (L/hL wine)
Retentates/Brines   3.9
CIP ED 1.5
CIP RO 0.1
Total  5.5
Organic load (g COD/hL wine)
Retentates/Brines 85.9
CIP ED 13.1
CIP RO 0.2
Total 99.2
Nitric acid (L/hL wine)
ED brines 0.03
CIP ED 0.004
CIP RO 0.004
Total 0.038
Sodium hydroxide (L/hL wine)
CIP ED 0.014
CIP RO 0.004
Total 0.018
Electrical energy (kWh/hL wine)
ED+RO 0.18
ED+RO+CIP 0.21
Vinifications * Electrodialysis + RO
(this study)White wine Rosé wine + Red/thermo
Red wine 
vatting
L water/L wine 0.513 0.51 0.35 0.055
g COD/L wine 8.57 7.41 5.1 0.99
* according to Bories and Sire, 2010.
TABLE 5
Water consumption and COD emission during vinification and tartaric stabilisation by electrodialysis and reverse osmosis. 
one of 0.8 kWh/hL estimated by Low et al. (2008). 
A comparison of water consumption and the emission 
of COD during the tartaric stabilisation of wines by 
electrodialysis measured in this study with that of vinification 
operations (Bories & Sire, 2010) shows that tartaric 
stabilisation by electrodialysis represents 10.7% of the water 
consumption and 11.6% of the COD evacuated during white 
wine-type liquid-phase vinification (Table 5). 
Water consumption during tartaric stabilisation by 
electrodialysis and reverse osmosis (5.5 L/hL wine) 
represents only about 6% of overall winery water 
consumption (100 l/hl wine) (Mourgues & Maugenet, 1972; 
Maugenet, 1978; Picot, 1992; Duarte et al., 1998; Lemiere et 
al., 1998; Picot & Cabanis, 1998; Rossi et al., 1998; Viaud et 
al., 1998; Sheridan et al., 2004; Colin et al., 2005; Rochard, 
2005; Vogdt & Schleestein, 2006). However, if we extend 
this comparison to the overall water consumption of the 
wine sector, where phytosanitary treatments represent 100 
to 500 L water/ha/treatment (Heinzlé, 2007), or 20 to 40 
L water/hL wine produced (10 treatments for a yield of 60 
hL wine/ha), and vineyard irrigation in areas where water 
deficits exist represents 50 to 100 mm/ha (Deloire, 2008), 
requiring 800 to 1 600 L water/hL wine (yield: 60 hL/ha), the 
water consumption for tartaric stabilisation (5.5 L/hL wine) 
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appears to be very low.
Tartaric stabilisation by cold treatment
Water consumption and production of wastewaters and 
residues during tartaric stabilisation by cold treatment   
The total water consumption for tartaric stabilisation by cold 
treatment (washing of the tank and filter) was 1.54 and 1.88 
L/hL wine for the two sites studied (Table 6). 
Fifty to 74% of the wastewater volume was produced 
when the filter was washed. The total organic load evacuated 
(washing water and DE) was 38.5 and 63.7 g COD/hL wine 
(Table 6). DE contains 67 to 78% of the total organic load 
emitted during tartaric stabilisation by cold treatment. The 
quantities of DE waste produced were 1 and 2.6 g of DE (wet 
weight)/L of wine treated. 
Available data for wine filtration on diatoms indicate 
consumptions of 0.20 to 2 g DE/L wine (Ribéreau-Gayon et 
al., 1998), and of 1 to 1.40 g DE/L wine (Gómez Benítez et 
al., 2002; ERBSLÖH). Consumption of diatomaceous earth 
in oenology is close to that of filtration in food industries such 
as breweries, where the average consumption of kieselguhr 
TABLE 6
Wastewater and residue balances for tartaric stabilisation of wines by cold treatment.  
   Wine C  Wine D
Wine treated Volume (hL) 520 825 
Washing of tank
Volume water/wine treated (L/hL) 0.77 0.48 
COD washing water (g O2/L) 2.6 14.8 
COD/hL wine (g O2/hL) 2.0 7.3 
Washing of filter
Volume water/wine treated (L/hL) 0.77 1.39 
COD washing water (g O2/L) 8.75 10 
COD/filtered wine (g O2/hL) 6.73 13.9 
Diatomaceous earth 
Soils used (g/hL wine) n m 73
Wet soils produced (g/hL wine) 96 264 
COD (g O2/kg) 310 160 
COD DE/filtered wine (g O2/hL) 29.8 42.4 
Pollution balance
Wastewater volumes (washing of tank + filter) (L/hL) 1.54 1.88 
COD washing water (g O2/hL) 8.7 21.2
COD washing water and DE (g O2/hL)  38.5 63.7
TABLE 7
Composition of washing waters (tank, filter) and diatomaceous earth during tartaric stabilisation by cold treatment (wine D).
Washing water
cold tank
Washing water
filter
Diatomaceous earth
(*g/g wet DE)
pH 3.62 5.76 3.83
Conductivity (mS/cm) 3.14 0.66 0.144
COD (g O2/L) 14.8 10.0 0.16*
Ethanol (g/L) 2.012 3.172 0.055*
Tartaric acid (g/L) 15.549 0.3 0.005*
Potassium (g K/L) 4.223 0.023 0*
varies from 1 to 2 g/L of beer (Fillaudeau et al., 2008).
Composition of wastewaters and residues 
Analyses of wastewater and residue composition in tartaric 
stabilisation by cold treatment were carried out for a white 
wine (Table 7) and a red wine (results not presented). White 
wines generally have a higher level of tartaric instability than 
red wines, implying a quasi-systematic tartaric stabilisation. 
Washing waters from the white wine cold stabilisation 
tank are rich in tartaric acid (15.5 g/L), which is present in 
the form of potassium hydrogen tartrate crystals, making up 
52% of the COD (Table 7). Ethanol (2 g/L) represents 28.4% 
of the COD.
Analysis of the residual DE revealed that ethanol 
accounts for 71.8% of the COD retained in the soils, whereas 
tartaric acid accounts for only 1.5% of the COD. The ethanol 
present in the DE waste comes from the wine occluded 
by the DE that constitutes a part of the wine lost. On the 
basis of the quantities of ethanol (0.055 g/g wet soil) and 
DE evacuated (2.46 g/L wine) and the alcohol content of the 
wine (11.2% vol/vol), the wine lost in the diatomaceous earth 
would be 0.15 L wine/hL of wine treated (0.15% vol/vol). 
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This value is similar to the one given for wine filtration 
on kieselguhr (ERBSLÖH Geisenheim AG, Germany). 
In addition to the difficulties related to the elimination of 
used DE (composting, disposal), handling of the diatoms is 
subject to specific conditions when it is used for filtration 
(INRS, 1997).
Electrical energy consumption for tartaric stabilisation 
by cold treatment in the two wineries studied could not be 
measured specifically when the waste balances were drawn 
up as a result of the configuration of the facilities and other 
simultaneous activities. On the basis of wines stored in 
cellars at room temperature, electrical energy consumption 
was evaluated at between 1 and 1.7 kWh/hL (Langlois, 1992; 
Gómez Benítez et al., 2002). Electrical energy consumption 
for several cold treatment methods was evaluated by Low et 
al. (2008) at approximately 1 kWh/hL wine for wines stored 
in cellars at +8°C, which may minimise electrical energy 
consumption for cold stabilisation. 
CONCLUSIONS
Tartaric stabilisation by an electromembrane process 
coupled with brine treatment by reverse osmosis generates 
environmental benefits at various levels: a very significant 
decrease in water consumption and a reduction in waste. 
Major progress was made as a result of the possibility of 
recycling permeates from reverse osmosis in electrodialysis, 
with a reduction of 65% of the overall water consumption 
compared to the basic electrodialysis process without brine 
treatment. In order to reach the final objective of zero waste, 
particularly by recycling retentate constituents (tartaric acid), 
additional studies are currently being done by the Eurodia 
Company. 
Compared to other stages of wine production and 
vineyard cultivation, water consumption during the tartaric 
stabilisation of wines is of secondary importance, and its 
optimisation is an integral part of the approach to resource 
management, eco-processes and sustainable development.
Concerning waste, the main advantage of tartaric 
stabilisation by electrodialysis in comparison to cold 
treatment is the elimination of diatomaceous earth and its 
residues, the disposal of which is an increasing problem 
for wineries. Moreover, the loss of wine occluded in the 
diatomaceous earth does not occur in tartaric stabilisation 
with electromembranes, which obviously provides a 
competitive advantage in economic terms. The small 
quantity of dead volume of electrodialysis units, as well as 
the automated water-driven feed procedures for the wine 
at start-up and the automated procedures for terminating 
stabilisation treatment and for cleaning operations, limits 
wine volume losses, which eventually are similar to those 
observed for devatting wine using pumps.  
Electrodialysis waste, which is characterised by a 
simple organic load (ethanol, tartaric acid and salts) and is 
biodegradable and not very concentrated, does not present 
any particular difficulty in terms of treatment with other 
waste from vinification, filtration or washing of the tanks and 
winemaking equipment. The reagents used in electrodialysis 
are products commonly found in most agro-food and 
winemaking industries, particularly for cleaning operations, 
and their consumption is low.   
By reducing electrical energy consumption to one-eighth 
that of cold treatment, tartaric stabilisation by electrodialysis 
results in substantial energy savings. Progress made in the 
eco-design of tartaric stabilisation by electrodialysis, which 
notably includes coupling with brine treatment by reverse 
osmosis, contributes to reducing the environmental impact 
of wine production and to integrating it into an exemplary 
approach to sustainable development. 
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